Optimization of the HOM damper and chemical port
The optimization of our original design of the HOM dampers for the 56MHz cavity [1] was based on the following criteria: a. All monopole and dipole HOMs below 1GHz should be damped effectively. All other HOMs with a high R/Q should be similarly treated. b. The change in the fundamental mode frequency due to inserting the damper should be well quantified. c. The HOM dampers should be inserted through the chemical cleaning ports located at the rear of the cavity. d. The field enhancement around the HOM dampers and ports should be such that the peak surface-magnetic fields do not exceed the maximum in the rest of the cavity. e. In considering the smallest gap between the port and the damper, the HOM damper must never be at a high voltage such that might lead to an electrical breakdown. f. The ease of fabrication by manufacturers should be assured.
1.1.Original Model
The original design of the HOM damper, shown in Figure 1 , was the outcome of a former study [2] . The findings obtained from Microwave Studio simulations with this original design had the following parameters [ Table 1 ]: Figure 1 shows the original design of the HOM damper and the inserted configuration. The damper is designed such that it can be inserted into the cavity from the chemical-cleaning port, located at the cavity's rear end [2] . The size of the damper's loop was optimized to assure maximum coupling of the magnetic field, while also leaving it accessible through the 1.5" diameter opening of the chemical port. As Figure 1 shows, all the edges and corners of the damper and the chemical ports are sharp. This easily engenders a considerable enhancement of in the local electric field, thereby increasing the possibility of causing electrical break down and quenching in the cavity. The field around the port can be obtained from the MWS simulation. The 56MHz cavity will be operated at the store stage for the RHIC; thus, the HOM damper then will experience the cavity's full voltage, which is designed to reach 2.5MV. The highest corresponding magnetic field is generated at the sharp edge of the chemical port, as depicted in Figure 2 ; it is of the magnitude of (the normalization factor of this cavity is 14.66 for the MWS simulation). This strong field will generate heat locally, and cause a rapid rise in the cavity's temperature. Blending of the ports' edge is essential for lowering the peak surface-magnetic-field.
1.2.Modified design of the damper and chemical ports
To avoid a high peak field that might cause electrical break down, we need to smooth all the sharp edges on the dampers while maintaining the same inner loop area. The radius of the connection of inner conductor and the loop of the HOM damper changes gradually, so that the radial ratio of the coaxial structure always remains constant, thereby ensuring that all HOM modes can be coupled out to the external load. Figure 4 illustrates the magnetic field at the end of the cavity with HOM damper inserted; the maximum field on the damper is . This value is only 1/3 of the that in our original design, and even lower than the field generated on the cavity's shell, which is . The peak field at the port opening is . The modified HOM damper maintains the original inner loop area and thickness, thus preserving the parameters of the performance table. We checked this by an MWS simulation that we discuss in the next section. We modified the chemical port is further to lower the electric field at its opening. Our final design is depicted in Figure 5 . The field was calculated with the software ANSYS [4] it revealed that the peak field at the chemical cleaning port decreased to the same level as that at the end of the inner cavity. This latest design of the chemical port and the HOM damper greatly will reduces the risk of magnetic break down, and quenching of the cavity.
The performance of the modified HOM damper
With the modified HOM damper, we carried out simulations with Microwave Studio (MWS) to demonstrate its damping effect in the 56MHz cavity.
Damping with 1 HOM damper
The HOM damper inner area was optimized with only 1 damper present [2] . Table 3 shows the damping effect of this one damper located in the chemical port. Table 3 shows that with one damper some frequencies of the HOMs in the 900MHz range are not depressed effectively. Ideally, in the presence of an HOM damper, all the modes would be extracted from the cavity, and the fundamental mode then would be reflected back by the high pass filter behind the damper. However, the size of the HOM damper is limited in this design of the cavity by the accessible radius and location of the chemical port. With only 1 HOM damper, it would be difficult to effectively suppress modes with numbers of poles higher than 2, e.g. quadrupole, sextupole.
In addition, the tolerances of HOMs also are highly dependent on the R/Qs, or the shunt impedance obtained from the product of Q L and R/Q for each mode.
Therefore, we need to increase the number of the HOM dampers and change the configuration of their locations to enhance the damping effect. The R/Q and shunt impedance of each mode should be calculated to quantify the tolerance of each mode and improve the efficiency of damping.
Damping with 4 HOM dampers at symmetrical locations
There are 8 existing chemical ports at the rear end of the cavity two of which are occupied by the fundamental coupler and the pickup. The 6 remaining chemical ports can be used for HOM dampers and their locations chosen. We explored the effects using 4 HOM dampers at symmetrical ports, as shown in The damping effect in such a configuration is given in Table 4 from MWS simulations of frequency and Q L . The configuration and R/Q of each mode also was simulated with MWS. The R/Qs of the cavity and shunt impedances per unit length for the monopoles are defined as:
Both R/Qs and shunt impedances of the cavity for the dipoles are defined as:
Both R/Qs and shunt impedances of the cavity for modes other than monopole and dipole are defined as:
In all equations above, is the direction along the center axis, and is the electric field in direction on the axis; is the axial electric-field with offset to the center. is the power loss of the specified mode due to the HOM damper. Thus, is the accelerating voltage of each mode with an offset of 1cm. is the length of the cavity. Also, and U are, respectively, the frequency and stored energy of the specified mode. In the MWS simulation, the cavity material is lossless, thus .
In this configuration of the locations of the HOM dampers, most of the higher order modes are damped effectively. However, quadrupoles with a configuration of 45 rotated from the location of the HOM dampers barely are damped due to the orthogonality between them. All these quadrupoles have a shunt impedance of Ω/cm. Quadrupoles do not affect the performance of the cavity as much as do the monopoles and dipoles, but their effect still is nonnegligible with such a high R/Q and accumulation as the beam stores in RHIC.
Damping with 4 HOM dampers at asymmetrical locations
To effect a compromise between all the HOMs and optimize the damping effeciency, the 4 HOM dampers must be placed asymmetrically.
We chose the 4 locations shown in Figure 8 . The R/Qs and shunt impedances in Table 7 has the same definition as that given in section 2.2. 3.
